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Dynamic and Thermal Effects 


B is known. The thickness B is normally required for the measurement of plane 
strain fracture toughness as recommended by the American Society for Testing and 
Materials [85]. 

Design factors affecting overall fracture safety must include the material’s prop¬ 
erties, temperature, flaw size, and geometry, as well as thickness. The criterion of 
material thickness lends itself to a relatively simple correlation with the plane strain 
fracture toughness K lC and yield strength of the material S y . The following are 
the key relationships recommended for fracture safe design: 


B < 



and 


B > 2.5 



(15.4) 


(15.5) 


Design thickness B , meeting or exceeding the foregoing criteria, provides an as¬ 
surance that through-thickness flaws will not propagate unless the nominal stresses 
exceed the yield strength of the material. Here Eq. (15.4) defines the yield criterion 
and Eq. (15.5) corresponds to the theoretical plane strain limit. In general, high 
K lC /S y ratios require large section size and large flaws for plane strain fracture ini¬ 
tiation. On the other hand, low K ic /S y ratios correspond to small section size and 
small cracks for plane strain fracture. Theoretically, the I\ ic /S y ratios can vary 
between 0.5 and 2.0. The value in excess of the upper limit of 2.0 is unattainable 
irrespective of the section or flaw size, because metal ductility becomes too high to 
allow the state of plane strain. 

In thicker sections, the level of the mechanical constraint is indicated by the 
extent of through-thickness contraction adjoining the fracture surface. In thinner 
sections the imposed mechanical constraint must be small. These considerations 
have been explored and reported extensively [89]. 

For practical design needs, Eqs. (15.4) and (15.5) provide a satisfactory guide 
for the development of safe fracture control plans. The only difficulty encountered 
throughout the various phases of applications of fracture mechanics and fracture- 
safe design principles lies in the basic stress analysis used to determine the nominal 
stresses. It is well to emphasize that a fracture critical component is defined as 
being a tension-loaded member which in the presence of geometrical discontinuities 
may have significant stress gradients. The accuracy of the analysis of such gradients 
and local stress concentrations should determine the final factors of safety based on 
the thickness criteria given by Eqs. (15.4) and (15.5). 


SIGNIFICANCE OF STRESS AND STRENGTH 

The nominal engineering stress in fracture control is normally of the P/A type. 
However, if the observed or anticipated flaw is located in a structural transition, 
such as that near a sharp corner, the relevant elastic stress concentration factor 



